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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor light emitting 
diode having an emission peak wavelength of 370 nm or below in which a good 
ohmic contact can be obtained and emission output can be enhanced by 
suppressing self absorption. 

SOLUTION: An active layer comprises a nitride semiconductor layer having an 
emission peak wavelength of 370 nm or below. A p-type contact layer comprises a 
first p-type contact layer containing AlaGa1-aN (0<a<0.05) heavily doped with a 
p-type impurity on the side touching the p electrode, and a second p-type contact v 
layer touching the first p-type contact layer on the active layer side thereof and k*. 
containing AlbGa1~bN (0<b<0.1) having Al compositional ratio higher than in the 
first p-type contact layer and doped with a p-type impurity at a lower 
concentration than in the first p-type contact layer. Further, an n-type contact 
layer touching an n electrode contains AldGal-dN (0<d<0.1). 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s>] 

[Claim 1] In the nitride semiconductor device which has n mold nitride semi-conductor layer, a barrier layer, and p mold nitride semi- 
conductor layer at least on a substrate An emission peak wavelength consists [ said barrier layer ] of a nitride semi-conductor layer 
370nm or less. As said p mold nitride semi-conductor layer 1st p mold contact layer to which p mold contact layer which touches p 
electrode comes to contain AlaGa1-aN (0<=a<0.05) which contains p mold impurity by high concentration in the side which touches p 
electrode, 1st p mold contact layer is touched at the barrier layer side of said 1st p mold contact layer. It comes to be formed from 2nd 
p mold contact layer which contains p mold impurity by low concentration from 1st p mold contact layer, and comes to contain AlbGal- 
bN (0< b<0.1) with aluminum presentation ratio still higher than 1st p mold contact layer. Furthermore, nitride semi-conductor light 
emitting diode with which n mold contact layer which touches n electrode is characterized by coming to contain AldGa1-dN (0< d<0.1) 
as said n mold nitride semi-conductor layer. 

[Claim 2] Nitride semi-conductor light emitting diode according to claim 1 with which 1st p mold contact layer which touches said p 
electrode is characterized by coming to contain p mold impurity 1x1019 to 1x1022-/cm3. 

[Claim 3] Nitride semi-conductor light emitting diode according to claim 1 or 2 with which said 2nd p mold contact layer is characterized 
by coming to contain p mold impurity three or less 1x1020-/cm. 

[Claim 4] Nitride semi-conductor light emitting diode according to claim 1 which the thickness of 1st p mold contact layer in said p mold 
contact layer is 100-500A, and is further characterized by the thickness of 2nd p mold contact layer being 400-2000A. 
[Claim 5] Nitride semi-conductor light emitting diode according to claim 4 with which said n mold contact layer is characterized by 
coming to contain n mold impurity 1x1017 to 1x1019-/cm3. 

[Claim 6] Nitride semi-conductor light emitting diode according to claim 1 characterized by having the 1st nitride semi-conductor layer 
which comes to contain AleGa1-eN (0< e<0.3) between said barrier layer and n mold contact layer, and having further the 2nd nitride 
semi-conductor layer which comes to contain AlfGa1-fN (0< f<0.4) between said barrier layer and p mold contact layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the nitride semi-conductor light emitting diode with which an emission peak wavelength 
emits light to an ultraviolet region 370nm or less especially about the nitride semiconductor device (InXAIYGa1-X-YN, 0 <=X, 0<=Y, 
X+Y<=1) used for light emitting devices, such as light emitting diode (LED), a laser diode (LD), a solar battery, and a photosensor, and a 
photo detector. 
[0002] 

[Description of the Prior Art] In recent years, ultraviolet [ LED ] is usable. For example, the nitride semiconductor device which comes 
to carry out the laminating of a GaN buffer layer, an n mold GaN contact layer (thickness: 4 micrometers), an n mold AIGaN cladding 
layer, the barrier layer (for most In presentations to be zero) of Undoping InGaN, a p mold AIGaN cladding layer, and the p mold GaN 
contact layer (thickness: 0.12 micrometers) on silicon on sapphire is indicated by application physics, the 68th volume, No. 2 (1999), and 
p152-p155. And since n mold and p mold contact layer are GaN(s) when, as for ultraviolet [ this / LED ], luminescence wavelength is 
made into short wavelength from this to a radiant power output being 5mW when a luminescence peak is 371nm under fixed conditions, 
a self-absorption starts, and it is indicated that a radiant power output becomes low rapidly. Furthermore, in order to prevent the fall of 
this radiant power output and to enable short wavelength-ization of oscillation wavelength, it is suggested that a self^ab sorption can be 
prevented by setting n mold and p mold contact layer to AIGaN. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if a contact layer is only grown up into extent which can fully prevent a self- 
absorption by high AIGaN of aluminum presentation ratio, the good ohmic contact to an electrode will become is hard to be acquired. It 
is thought that as for this cause the good ohmic contact to an electrode will become is hard to be acquired since AIGaN causes 
inactivation of a dopant in physical properties or fluctuation probably arises to the difference of a work function with the metal which 
serves as an electrode by fluctuation of Fermi level. The fall of such ohmic contact is large in p mold contact layer. Moreover, if many 
impurities are doped in a contact layer in order to improve the point as for which ohmic contact becomes inactivation of a dopant arises 
by including aluminum presentation as mentioned above, and is hard to be acquired, since impurity level will be formed in proportion 
[ almost ] to the amount of an impurity, a self-absorption may become large on the contrary, and a radiant power output may decline by 
crystalline fall etc. 

[0004] Furthermore, although reducing a self-absorption relatively is also considered by making thickness thin by setting a contact layer 
to GaN, when thickness of p mold contact layer is made thin, for example, a component property becomes less enough, and if thickness 
of n mold contact layer is made thin, it will become difficult further to make it expose, while actuation becomes complicated, in case n 
mold contact layer is exposed. 

[0005] Thus, although a self-absorption will arise [ the emission peak wavelength in the conventional technique ] in a contact layer in 
light emitting diode 370nm or less and a radiant power output will decline, if the amount of dopes of an impurity is made to increase in 
order for the fall of ohmic contact to arise and to acquire ohmic contact farther, if a contact layer is only grown up as AIGaN in order to 
prevent the self-absorption by GaN, a self-absorption will arise by formation of impurity level, or the increment in a crystal defect. 
Therefore, to make ohmic contact good with prevention of a self-absorption is desired. 

[0006] Then, the purpose of this invention is that control a self-absorption and the emission peak wavelength which a radiant power 
output can improve offers nitride semi-conductor light emitting diode 370nm or less while good ohmic contact is acquired. 
[0007] 

[Means for Solving the Problem] That is, this invention can attain the purpose of this invention by the configuration of following the (1) - 
(6). 

(1) In the nitride semiconductor device which has n mold nitride semi-conductor layer, a barrier layer, and p mold nitride semi-conductor 
layer at least on a substrate An emission peak wavelength consists [ said barrier layer ] of a nitride semi-conductor layer 370nm or 
less. As said p mold nitride semi-conductor layer 1st p mold contact layer to which p mold contact layer which touches p electrode 
comes to contain AlaGa1-aN (0<=a<0.05) which contains p mold impurity by high concentration in the side which touches p electrode, 
1st p mold contact layer is touched at the barrier layer side of said 1st p mold contact layer. It comes to be formed from 2nd p mold 
contact layer which contains p mold impurity by low concentration from 1st p mold contact layer, and comes to contain AlbGa1-bN (0< 
b<0.1) with aluminum presentation ratio still higher than 1st p mold contact layer. Furthermore, nitride semi-conductor light emitting 
diode with which n mold contact layer which touches n electrode is characterized by coming to contain AldGa1-dN (0< d<0.1) as said n 
mold nitride semi-conductor layer. 

(2) Nitride semi-conductor light emitting diode given in the above (1) whose 1st p mold contact layer which touches said p electrode is 
characterized by coming to contain p mold impurity 1x1019 to 1x1022-/cm3. 

(3) The above (1) said whose 2nd p mold contact layer is characterized by coming to contain p mold impurity three or less 1x1020-/cm, 
or nitride semi-conductor light emitting diode given in (2). 

(4) Nitride semi-conductor light emitting diode given in the above (1) characterized by for the thickness of 1st p mold contact layer in 
said p mold contact layer being 100-500A. and the thickness of 2nd p mold contact layer being 400-2000A further. 

(5) Nitride semi-conductor light emitting diode given in the above (4) said whose n mold contact layer is characterized by coming to 
contain n mold impurity 1x1017 to 1x1019-/cm3. 

(6) Nitride semi-conductor light emitting diode given in the above (1) characterized by having the 1st nitride semi-conductor layer which 
comes to contain AleGa1-eN (0< e<0.3) between said barrier layer and n mold contact layer, and having further the 2nd nitride semi- 
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conductor layer which comes to contain AlfGa1-fN (0< K0.4) between said barrier layer and p mold contact layer. 
[0008] This invention sets n mold contact layer to AlGaN which consists of a specific aluminum presentation ratio. Further p mold 
contact layer That is, 1st small p mold contact layer of aluminum presentation ratio with high p mold high impurity concentration. By p 
mold high impurity concentration forming from 2nd low p mold contact layer with high aluminum presentation ratio, and coming to form 
the 1st contact layer with high p mold high impurity concentration in the side which touches p electrode While good ohmic contact is 
acquired, a self-absorption can be controlled, and the good emission peak wavelength of a radiant power output can obtain nitride semi- 
conductor light emitting diode 370nm or less. The relative relation in 1 st p mold contact layer and 2nd p mold contact layer which 
constitute p mold contact layer here in this invention low [ p mold high impurity concentration in p mold contact layer is high, or ] as 
aluminum presentation ratio is high or it is low is shown. 

[0009] If this invention person includes aluminum presentation only for prevention of a self-absorption as described above The result 
which was attached to the point referred to as causing the fall of ohmic contact, and was variously examined by inactivation of an 
impurity etc.. It considered setting n mold contact layer to AlGaN of specific aluminum presentation ratio, and making thickness into 
two-layer structure with the layer of a secured **** sake, in order to maintain the layer and component property for acquiring ohmic 
contact for p mold contact layer further. And 1 st p mold contact layer to which this invention person touches low p electrode of 
aluminum presentation ratio with high p mold impure concentration as mentioned above. By combining with n mold contact layer which 
forms p mold contact layer in 2nd p mold contact layer with high aluminum presentation ratio with low high impurity concentration, and 
consists of a further specific aluminum presentation ratio Prevention of a self-absorption of ohmic contact was attained good, and it 
attained obtaining the good nitride semi-conductor light emitting diode of a radiant power output. 

[0010] Furthermore, in this invention. 1st p mold contact layer is desirable in p mold impurity, at 1x1019 to 1x1022-/cm3. and the point 
of acquiring good ohmic contact, when it comes to contain 5x1020 to 5x1021-/cm3 preferably. Furthermore, in this invention, when it 
comes to contain p mold impurity 5x1018 to 5x101 9-/cm3 preferably three or less 1x1020-/cm, in order to maintain a component 
property, even if 2nd p mold contact layer thickens thickness of p mold contact layer, it is desirable at the point that a self-absorption 
can be prevented. 

[0011] Furthermore, in this invention. 100-500A. if the thickness of 1st p mold contact layer in p mold contact layer is 150-300A 
preferably If thickness is thinly set up even if it makes p mold high impurity concentration high, while being able to perform the self- 
absorption by impurity level small relatively Ohmic contact to p electrode can be made good, and 400-2000A, while the thickness of 2nd 
p mold contact layer can prevent a self-absorption as it is 800-1 200A preferably, although a component property is maintained, it is still 
more desirable. 

[0012] furthermore, n mold contact layer in which this invention comes to contain aluminum — n mold high impurity concentration — 
1x1017 to 1x101 9-/cm3 — desirable — 1x1018 to 1x1019-/cm3 — being certain — ** — it is desirable at the point which maintains 
ohmic contact and raises a radiant power output with prevention of a self-absorption. Thus, when aluminum presentation ratio and n 
mold high impurity concentration of n mold contact layer are specified and combined, it is desirable like the case of p mold contact layer 
in respect of improvement in ohmic contact and crack prevention, and a radiant power output. 

[0013] This invention has the 1st nitride semi-conductor layer which comes to contain AleGa1-eN (0< e<0.3) between said barrier layer 
and n mold contact layer. Further furthermore, between said barrier layer and p mold contact layer When it has the 2nd nitride semi- 
conductor layer which comes to contain AlfGa1-fN (0< f<0.4), the carrier to a barrier layer closes, eye ** can be made good, and it is 
desirable in respect of the improvement in a radiant power output. Furthermore, when each aluminum presentation ratio of the 1st 
nitride semi-conductor layer and the 2nd nitride semi-conductor layer is made into the above-mentioned range and aforementioned 
aluminum presentation ratio and the high impurity concentration of a contact layer are combined, prevention of crack initiation and 
ohmic contact can be made good, and it is desirable in respect of improvement in a radiant power output. Since said 1st nitride semi- 
conductor layer and the 2nd nitride semi-conductor layer have a function as a cladding layer, they make n mold cladding layer and the 
2nd nitride semi-conductor layer p mold cladding layer for the 1st nitride semi-conductor layer hereafter in this invention. However, it is 
not limited to this. 
[0014] 

[Embodiment of the Invention] Drawing 1 is used for below and this invention is further explained to it at a detail. Drawing 1 is the 
typical sectional view of the nitride semiconductor device which is the gestalt of 1 operation of this invention. In drawing 1 , on a 
substrate 1 A buffer layer 2 and AldGa1-dN (0< d<0.1) n mold contact layer 3, AleGa1-eN which it comes to contain n mold cladding 
layer 4 which comes to contain (0< e<0.3), the barrier layer 5 of IngGa1-gN (0<=g<0.1). p mold cladding layer 6 which comes to contain 
AlfGa1-fN (0< f<0.4), and 2nd p mold contact layer 7b which comes to contain AlbGa1-bN (0< b<0.1). It comes to carry out laminating 
growth of the p mold contact layer 7 which consists of the 1st p mold contact layer 7a which comes to contain AlaGa1-aN (0<=a<0.05). 
and the nitride semiconductor device 370nm or less is indicated for the emission peak wavelength. And in contact with 1st p mold 
contact layer 7a of p mold contact layer 7, p electrode is formed in n mold contact layer 3 for n electrode, respectively. First, n mold 
contact layer 3 of this invention and p mold contact layer 7 are indicated. 

[0015] In [n mold contact layer 3] this invention, it is the nitride semi-conductor layer which comes to contain AldGa1-dN (0< d<0.1, 
preferably 0.0K d<0.05) at least as an n mold contact layer 3. It is desirable in respect of the crystallinity and ohmic contact by 
prevention of a self-absorption. [ be / aluminum presentation ratio / the above-mentioned range ] furthermore, said n mold contact 
layer 3 — n mold impurity — 1x1017 to 1x1019-/cm3 — when preferably contained by the concentration of 1x1018 to 1x1019-/cm3, it 
is desirable in respect of maintenance of ohmic contact, prevention of crack initiation, and crystalline maintenance. Thus, if aluminum 
presentation ratio and n mold high impurity concentration which constitute n mold contact layer are combined, while being able to 
prevent a self-absorption, it is desirable in respect of ohmic contact or crack prevention. Especially as an n mold impurity, although not 
limited, Si, germanium, etc. are mentioned and it is Si preferably, for example. Although especially the thickness of n mold contact layer 
3 is not limited, its 0.1-20 micrometers are desirable, and it is 1-10 micrometers more preferably. It is desirable in respect of decline in 
the crystallinity (as a substrate) near an interface (for example, near an interface with n mold cladding layer), and resistivity by 
thickness being this range. 

[0016] In [p mold contact layer 7] this invention, it is formed as a p mold contact layer 7 from p mold contact layer 7with high p mold 
high impurity concentration which touches p electrode at least of ** low 1st of aluminum presentation ratio a, and 2nd high p mold 
contact layer 7b of aluminum presentation ratio with low p mold high impurity concentration. Thus, by forming p mold contact layer 7 in 
two kinds of layers from which p mold high impurity concentration and aluminum presentation ratio differ Good ohmic contact can be 
acquired by 1st p mold contact layer 7a, and even when p mold contact layer is adjusted to the thickness of extent which can maintain 
a component property further and thickness of 2nd p mold contact layer 7b is thickened, since aluminum presentation ratio is high, a 
self-absorption can be prevented. That is, in p mold contact layer 7. it becomes extent which can maintain a component property from 
two-layer [ with 2nd p mold contact layer 7b for securing thickness ]. preventing 1st p mold contact layer 7a for acquiring ohmic 
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contact and a self-absorption. 1st p mold contact layer 7a and 2nd p mold contact layer 7b are explained below. 1st p mold contact 
layer 7a has high high impurity concentration compared with 2nd p mold contact layer 7b, and aluminum presentation ratio is set up low. 
[0017] As such 1st p mold contact layer 7a, the nitride semi-conductor layer which comes to contain AlaGal-aN (0<= a< 0.05, 
preferably 0< a<0.01) can be mentioned. Even if it dopes p mold high impurity concentration to high concentration as aluminum 
presentation ratio is the above-mentioned range, inactivation of an impurity can be prevented, the good ohmic contact to p electrode 
can be acquired, and it is desirable. Moreover, when 1st p mold contact layer 7a comes to contain aluminum presentation within the 
limits of the above, it is desirable in respect of prevention of a self-absorption, and desirable also in respect of further crystallinity. 
Moreover, aluminum presentation ratio of 1 st p mold contact layer 7a is [ above-mentioned ] within the limits, and it is adjusted so that 
it may become low from aluminum presentation ratio of 2nd p mold contact layer 7b. 

[0018] extent from which the ohmic contact to p electrode is acquired good especially as p mold high impurity concentration of 1st p 
mold contact layer 7a although not limited — desirable — for example. — concrete — 1x1019 to 1x1022-/cm3 — it is 5x1020 to 
5x1021 -/cm3 preferably, p mold high impurity concentration can acquire ohmic contact good as it is the above-mentioned range, and it 
is desirable, p mold high impurity concentration of 1 st p mold contact layer 7a is above-mentioned within the limits, and it is adjusted so 
that it may become higher than the high impurity concentration of 2nd p mold contact layer 7b. Moreover, especially as thickness of 1st 
p mold contact layer 7a, although not limited, specifically, 100-500A is 150-300A preferably that what is necessary is just the thickness 
of extent from which the ohmic contact to p electrode becomes good. It is desirable at the point of being able to prevent a self- 
absorption since thickness is comparatively thin even if it carries out aluminum presentation ratio to it being such thickness low, 
containing p mold impurity in high concentration further, and acquiring good ohmic contact. 

[0019] Next, as 2nd p mold contact layer 7b. it is the nitride semi-conductor layer which comes to contain AlbGa1-bN (0< b<0.1, 
preferably 0.0K b<0.05). It is desirable in respect of prevention of a self-absorption like the case where it is n mold contact layer as 
aluminum presentation ratio is the above-mentioned range, and still more desirable also in respect of crystallinity and ohmic contact. 
Moreover, aluminum presentation ratio of 2nd p mold contact layer 7b is above-mentioned within the limits, and it is adjusted so that it 
may become high from 1st p mold contact layer 7a. It is 5x1018 to 5x1019-/cm3 preferably that 2nd p mold contact layer 7b contains p 
mold high impurity concentration of 2nd p mold contact layer 7b in extent which shows p mold three or less 1x1020-/cm desirably, for 
example, specifically, p mold high impurity concentration is desirable in respect of prevention of the self-absorption according that it is 
the above-mentioned range to formation of impurity level, p mold high impurity concentration of 2nd p mold contact layer 7b is above- 
mentioned within the limits, and is adjusted to low concentration from 1st p mold contact layer 7a. 

[0020] Especially as thickness of 2nd p mold contact layer 7b, although not limited, 2nd 400-1 200A p mold contact layer 7b is 800- 
1200A preferably. It is desirable at the point which can be adjusted to the thickness of extent which can maintain a component property, 
preventing a self-absorption as the thickness of 2nd p mold contact layer 7b is the above-mentioned range. Especially as a p mold 
impurity contained in p mold contact layer 7, although not limited, Mg is mentioned preferably, for example. 

[0021] Moreover, although 1st p mold contact layer 7a and 2nd p mold contact layer 7b which constitute p mold contact layer 7 have 
the part which high impurity concentration and aluminum presentation ratio overlap here as shown above Good effectiveness can be 
acquired by being adjusted so that 1st p mold contact layer 7a may have high high impurity concentration to 2nd p mold contact layer 
7b and aluminum presentation ratio may become low in the range indicated, respectively. Temporarily, if p mold contact layer 7 is formed 
in a layer with high low layer of aluminum presentation ratio or high impurity concentration etc., even if ohmic contact is good, it will 
become that it can be hard to obtain both of prevention of a self-absorption with the good ohmic contact of prevention of a self- 
absorption being unsatisfying enough etc. Moreover, it constitutes so that prevention of ohmic contact and a self-absorption may be 
obtained by each layer, as it said that maintenance of a component property could do p mold contact layer 7 while good ohmic contact 
is acquired by 1st small p mold contact layer 7a of aluminum presentation ratio with high p mold high impurity concentration and it 
prevents a self-absorption by p mold contact layer 7with low p mold high impurity concentration of ** 2nd with large aluminum 
presentation ratio b. And the layer of 1st p mold contact layer 7a and 2nd p mold contact layer 7b can act in multiplication, and the 
good component of a radiant power output can be obtained by prevention of good ohmic contact and a good self-absorption. Moreover, 
with the present nitride semi-conductor, p mold formation is difficult and prevention of the self-absorption by the side of the good 
ohmic contact especially by the side of p and p is more important than n mold by p side-face luminescence on a component structure 
target. 

[0022] Furthermore, the thing for which aluminum presentation ratio of n mold contact layer 3 is specified as mentioned above, 
specifying high impurity concentration preferably in addition to aluminum presentation ratio — in addition p mold contact layer 7 is 
formed by 1 st p mold contact layer 7a with low aluminum presentation ratio with high p mold high impurity concentration, and 2nd high p 
mold contact layer 7b of aluminum presentation ratio with low p mold high impurity concentration, A self-absorption can be prevented 
more to fitness, without causing ************** and the fall of ohmic contact, and it is more desirable in respect of improvement in a 
radiant power output. 

[0023] Furthermore, each class of others which constitute a component is explained below. 

In [substrate 1] this invention, semi-conductor substrates, such as SiC (6H, 4H. and 3C are included). Si and ZnO besides the sapphire 
which makes a principal plane a sapphire C side, the Rth page, or the Ath page, and other insulating substrates like a spinel (MgA 1204). 
GaAs, and GaN, can be used as a substrate 1. 

[0024] In [buffer layer 2] this invention, as a buffer layer 2, it is the nitride semi-conductor which consists of GahAI1-hN (however, the 
range of h is 0< h<=1 .). and the buffer layer 2 which it becomes more remarkable [ the presentation with the rate of aluminum it is 
desirable and smaller ] crystalline improving, and consists of GaN more preferably is mentioned. 0.002-0.5 micrometers of 0.005-0.2 
micrometers of thickness of a buffer layer 2 are preferably adjusted to the range of 0.01-0.02 micrometers still more preferably. The 
crystal morphology of a nitride semi-conductor becomes good for the thickness of a buffer layer 2 to be the above-mentioned range, 
and the crystallinity of the nitride semi-conductor grown up on a buffer layer 2 is improved. The growth temperature of a buffer layer 2 
is 200-900 degrees C. and is preferably aojusted to the range of 400-800 degrees C. Growth temperature serves as good polycrystal 
with it being the above-mentioned range, and this polycrystal makes good the crystallinity of the nitride semi-conductor grown up on a 
buffer layer 2 as seed crystal and is desirable. Moreover, the buffer layer 2 grown up at such low temperature may be omitted by the 
class of substrate, the growth approach, etc. 

[0025] [n mold contact layer 3] It is the nitride semi-conductor which comes to contain AIGaN of the above-mentioned n mold impurity 
content. 

[0026] In [n mold cladding layer 4] this invention, although it is the presentation which becomes larger than the bandgap energy of a 
barrier layer 5, the carrier to a barrier layer 5 closes, and it will not be limited as an n mold cladding layer 4 especially if eye ** is 
possible, as a desirable presentation, the thing of AleGa1-eN (0< e<0.3, preferably O.K e<0.2) is mentioned. When n mold cladding layer 
consists of such AIGaN, it is desirable at the point which the carrier to a barrier layer shuts up. Although especially the thickness of n 
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mold cladding layer is not limited, it is 0.01-0.1 micrometers preferably, and is 0.03-0.06 micrometers more preferably. Although 
especially n mold high impurity concentration of n mold cladding layer is not limited, it is 1x1017 to 1x1020-/cm3 preferably, and is 
1x1018 to 1x101 9-/cm3 more preferably. High impurity concentration is desirable resistivity and in respect of crystallinity in it being this 
range. 

[0027] n mold cladding layer can also be used as the multilayers layer (a superstructure is included) other than the above monolayers. In 
the case of a multilayers layer, it should just be the multilayers layer which consists of above AleGa1-eN and a nitride semi-conductor 
layer with bandgap energy smaller than it, but. for example as a small layer of bandgap energy, InkGa1-kN (0<=k<1) and A|]Ga1-jN 
(0<=j<1, e>j) are mentioned. In the case of the monolayer in which thickness much more in the case of a superstructure does not form 
more preferably 100A or less of 70A or less of 10-40A and superstructures, it can be made into the layer which consists of the above- 
mentioned presentation although especially the thickness of each class which forms a multilayers layer is not limited. Moreover, even if 
there are few large layers of bandgap energy and small layers, either may be made to dope n mold impurity, when n mold cladding layer 
is a multilayers layer which consists of a large layer of bandgap energy, and a small layer of bandgap energy. Moreover, when doping in 
both the large layer of bandgap energy, and a small layer, the amount of dopes may be the same or may differ. 

[0028] In [barrier layer 5] this invention, a nitride semi-conductor of a presentation with which an emission peak wavelength is set to 
370nm or less is mentioned as a barrier layer 5. The nitride semi-conductor of IngGa1-gN (0<=g<0.1) is mentioned preferably. Although 
In presentation ratio of a barrier layer makes In presentation ratio small as an emission peak wavelength turns into short wavelength. In 
presentation ratio becomes almost close to zero. Especially as thickness of a barrier layer, although not limited, the thickness of extent 
from which the quantum effectiveness is acquired is mentioned, for example, it is 0.001-0.01 micrometers preferably, and is 0.003-0.007 
micrometers more preferably. It is desirable in respect of a radiant power output in thickness being the above-mentioned range. 
Moreover, a barrier layer uses the above-mentioned IngGa1-gN other than the above single quantum well structures as a well layer, and 
is better than this well layer also as multiplex quantum well structure where bandgap energy consists of a barrier layer which consists of 
a large presentation. Moreover, an impurity may be doped to a barrier layer. 

[0029] Moreover, especially if an emission peak wavelength is In presentation ratio used as 370nm or less as adjustment of In 
presentation ratio of a barrier layer, it will not be limited, but the value calculated, for example from the formula of the following 
theoretical value as a concrete value can be mentioned as an approximation-value. However, since the quantum level which takes 
quantum well structure is formed, the energy (Elambda) of wavelength becomes larger than the bandgap energy (Eg) of InGaN, and the 
wavelength which is made to actually emit light and is obtained tends to shift to a short wavelength side from the luminescence 
wavelength called for from a formula etc. 
[0030] [The formula of a theoretical value] 
Eg=(1-chi) 3.40+1 .95chi-Bchi (1-chi) 

the presentation ratio of bandgap energy chiJn of a wavelength (nm) =1 240-/EgEg:InGaN well layer — the bandgap energy B:Boeing 
parameter of bandgap energy 1.95(eV)JnN of 3.40(eV):GaN is shown, and it may be 1-6eV. Thus, although conventionally referred to as 
1eV from SIMS analysis etc. in the latest research, having assumed that there was no distortion in a crystal, the Boeing parameter is 
changed because it is becoming clear for extent which distortion produces by the rate of In presentation ratio, the case where thickness 
is thin, etc. to differ, and to be set to 1eV or more. 

[0031] Although there is a difference a little, it is adjusted to the oscillation wavelength considered from concrete In presentation ratio 
called for from SIMS analysis of a well layer etc. as mentioned above, and the oscillation wavelength at the time of making it actually 
oscillate so that it may become the wavelength for which actual oscillation wavelength asks. 

[0032] In [p mold cladding layer 6] this invention, although it is the presentation which becomes larger than the bandgap energy of a 
barrier layer 5 as a p mold cladding layer 6, and it will not be limited especially if the carrier to a barrier layer 5 shuts up and it can **, 
the thing of AlfGa1-fN (0< f<0.4, preferably 0.15< f<0.3) is mentioned preferably. When p mold cladding layer consists of such AIGaN. it 
is desirable at the point which the carrier to a barrier layer shuts up. Although especially the thickness of p mold cladding layer is not 
limited, it is 0.01-0.15 micrometers preferably, and is 0.04-0.08 micrometers more preferably. Although especially p mold high impurity 
concentration of p mold cladding layer is not limited, it is 1x1018 to 1x1021-/cm3 preferably, and is 1x1019 to 5x1020-/cm3 more 
preferably. It is desirable at the point of reducing a bulk resistor, without reducing crystallinity as p mold high impurity concentration is 
the above-mentioned range. 

[0033] p mold cladding layer can also be used as the multilayers layer (a superstructure is included) other than the above monolayers. In 
the case of a multilayers layer, it should just be the multilayers layer which consists of above AlfGa1-fN and a nitride semi-conductor 
layer with bandgap energy smaller than it, but, for example as a small layer of bandgap energy, InkGa1-kN (0<=k<1) and AUGa1-jN 
(0<=j<1, f>j) are mentioned like the case of n mold cladding layer. In the case of the monolayer in which thickness much more in the 
case of a superstructure does not form more preferably 100A or less of 70A or less of 10-40A and superstructures, it can be made into 
the layer which consists of the above-mentioned presentation although especially the thickness of each class which forms a multilayers 
layer is not limited. Moreover, even if there are few large layers of bandgap energy and small layers, either may be made to dope p mold 
impurity, when p mold cladding layer is a multilayers layer which consists of a large layer of bandgap energy, and a small layer of 
bandgap energy. Moreover, when doping in both the large layer of bandgap energy, and a small layer, the amount of dopes may be the 
same or may differ. 

[0034] [p mold contact layer 7] It is the nitride semi-conductor which comes to contain AIGaN of the above-mentioned p mold impurity 
content. 

[0035] Moreover, in this invention, various things can be used for p electrode and n electrode, are suitably chosen from a well-known 
electrode material etc.. and are used for them. That the example as an electrode is indicated to be by the below-mentioned example is 
mentioned. Moreover, although this invention mentioned and explained drawing 1 as a gestalt of 1 operation of component structure, as 
long as an emission peak wavelength is 370nm or less and are specific n mold contact layer of above this inventions, and p mold contact 
layer, it can acquire the effectiveness of this invention and may form other layers for improvement in component properties, such as 
electrostatic pressure-proofing, forward voltage, and a life property, in addition to drawing 1 . 

[0036] Moreover, the component of this invention is performing annealing processing, in order to form the p side layer into p mold and to 
consider as low resistance. After growing up the gallium nitride system compound semiconductor with which p mold impurity was doped 
by vapor growth, it heat-treats at the temperature of 400 degrees C or more among the ambient atmosphere which does not contain 
hydrogen substantially, and the approach of using as p mold is mentioned by taking out hydrogen from the gallium nitride system 
compound semiconductor with which p mold impurity was doped, as indicated by patent No. 2540791 as annealing processing. 
[0037] 

[Example] The example which is the gestalt of 1 operation of this invention is given to below, and this invention is further explained to it 
at a detail. However, this invention is not limited to this. 
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[0038] The [example 1] example 1 produces the nitride semiconductor device of drawing 1 . 

(Substrate 1) A front face is cleaned for the substrate 1 which consists of sapphire (C side) at 1050 degrees C among a hydrogen 
ambient atmosphere in a reaction container. 

[0039] (Buffer layer 2) Then, the buffer layer 2 which consists of GaN on a substrate 1 at 510 degrees C using ammonia and TMG 
(trim ethylgal Hum) is grown up by about 200A thickness among a hydrogen ambient atmosphere. 

[0040] (n mold contact layer 3) Next. TMG. TMA (trimethylaluminum). ammonia, and a silane (SiH4) are used at 1050 degrees C. and n 
mold contact layer 3 which consists of n mold aluminumO.04GaO.96N which doped Si 5x1018-/cm3 is grown up by 4-micrometer 
thickness. 

[0041] (n mold cladding layer 4) Next. TMG. TMA. ammonia, and a silane are used at 1050 degrees C. and n mold cladding layer 4 which 
consists of n mold aluminum0.18Ga0.82N which doped Si 5x1017-/cm3 is formed by 400A thickness. 

[0042] (Barrier layer 5) Next. TMI. TMG, and ammonia are used at 700 degrees C among nitrogen-gas-atmosphere mind, and the barrier 
layer which consists of undoping InGaN is grown up by 55A thickness. In presentation ratio is a minute amount (almost zero) at extent 
which cannot be measured. 

[0043] (p mold cladding layer 6) Next. TMG. TMA, ammonia, and Cp2Mg (magnesium cyclopentadienyl) are used at 1050 degrees C 
among a hydrogen ambient atmosphere, and p mold cladding layer 6 which consists of aluminum0.2Ga0.8N which doped Mg 1x1020- 
/cm3 is grown up by 6 00 A thickness. 

[0044] On p mold cladding layer 6. then. TMG, TMA. (p mold contact layer 7) 2nd p mold contact layer 7b which consists of 
aluminum0.04Ga0.96N which doped Mg 1x1019-/cm3 is grown up by 0.1 -micrometer thickness using ammonia and Cp2Mg. Then, 2nd p 
mold contact layer 7b which consists of aluminum0.01Ga0.99N which adjusted the flow rate of gas and doped Mg 2x1021-/cm3 is grown 
up by 0.02-micrometer thickness. 

[0045] A wafer picks out from a reaction container, the mask of a predetermined configuration forms in the front face of p mold contact 
layer 7 of the maximum upper layer, RIE (reactive ion etching) equipment performs etching from a p mold contact layer side, and after 
performing annealing for a wafer at 700 degrees C in a reaction container after growth termination and among nitrogen-gas-atmosphere 
mind and forming p type layer into low resistance further, as shown in drawin g 1 , the front face of n mold contact layer 3 exposes. 
[0046] p pad electrode 10 which consists of Au for bondings is mostly formed by 0.2-micrometer thickness after etching on the p 
electrode 8 and the p electrode 8 of the translucency of 1st p mold contact layer 7a of p mold contact layer 7 in the maximum upper 
layer which contains nickel and Au of 200A of thickness on the whole surface. The n electrode 9 containing W and aluminum is formed in 
the front face of n mold contact layer 3 exposed by etching on the other hand. In order to protect the front face of the p electrode 8 
finally, after forming the insulator layer which consists of Si02, a scribe separates a wafer and it considers as the LED component of 
350-micrometer angle. 

[0047] In the forward voltage of 20mA, as for this LED component, an emission peak wavelength shows 370nm. Vf is 3.8V and an output 
is 2.0mW. The optical ejection effectiveness of LED of an example 1 becomes about 2.5 times to that in which the conventional n mold 
and p mold contact layer do not contain aluminum. As mentioned above, a radiant power output can be raised by the ability of a self- 
absorption to be further prevented [ since ohmic contact becomes good. Vf equivalent to the former can be maintained, and ] according 
to the above-mentioned component structure. 
[0048] 

[Effect of the Invention] As mentioned above, without n mold contact layer and p mold contact layer worsening ohmic contact aluminum 
presentation ratio, high impurity concentration, and by constituting p mold contact layer from two-layer further, this invention can 
prevent a self-absorption good, can raise optical ejection effectiveness, and can offer the good nitride semiconductor device of a 
radiant power output 370nm or less. Furthermore, with Mg concentration of n mold and p mold contact layer, and combination with a 
specific cladding layer, in addition to prevention of good ohmic contact and a self-absorption, prevention of a crack etc. becomes good 
and this invention can obtain a better radiant power output. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 Drawing 1 is the typical sectional view of LED which is the gestalt of 1 operation of this invention. 
[Description of Notations] 
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[00 18] miOpm^y?? h!37 a«pl?» 
m&b LXit, fttzmfeZtlK^tf. Plffit^- 5 

Wtll lxio i9 -lxio»/cm3. ML<li 

5X10"-5X10 J1 /cm3T'$>S. pS^I$«g 
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imjff4U\ S1»pI3W hJf7a<0pM 

JSl«0pfi3V*?h«7atf>iWi: LTUt. WfcRJE 

*ORHtCfc*Uf J:< , «i.tf£fWM:tt, 10 0-5 
0 04 L<til 5 0-3 0 0tfy 

^hn-ATfc*. dcOi o%mmT$>%k. A ins. 

-S y ^ft)*S:»4jSTiff4 Lv>. 
[00 19] JJctC, ^2^play?7 h«7bfc UT 
II Al b Ga,. b N (0<b<0. l.Jff*L«iO. 
0 1< b < 0 . 0 5) & ^TfciBflflWqWMTC* 

|g2cOpSn>-^c5'hS7b<7)Aia^;Jt<±, ±l2$effl 
PVC^lcOpSaJ'*? h/17aJ:0;«<£-&J:3t;:tS 
SESfL*. S2e0pffl3V:*7 hS7bOp£TOtt!gai 

xiOVcm'OT, 04L<ii5x 1 0 18 — 5x 1 
0'Vcm»"C*4. pa^«fl«tf.JJBttffl"ea* 

U*. S2cOpS3>-^^h®7b<7)p^M»JK 
tt. ±SEWirtT!ISl«Opffl3>'^^hJI7aJ:0fi» 

[00 20] m2cOpM3> ? 7 hm7 bcomft LX 
*<4 0 0— 1 #4L<«i8 0 

[0021] pS3>*?h*7*«jft 

t5S10pS3y^; M7atf2«pl3y^7 
h®7 b»±. JUEtSitLfcJ: o tc, TOMiriftK^A 1 ffl 

rmicopSny^^ hJi7 a#\. W.i<r>f>m.^y9 9 
M7b tcttLT . TOfi*»JKiWS< X A 1 fflfiJt*HK 
< =SrS J: o (cilflS3*i& i k T-ft#*SMI£»4 i 
TSft. ££. pSny^^ h@7S-. Alffl^itOffi 



ny^hJf 713. pffi^!ft«S»W<A i«J«Jtw 
Wv^lOpIa^^ 1-/17 atcj: OS0^-S 
•y ?Slft*<W6*U P§PF8&m&Am< A 1 ifflj&ittf 
*Sv«2«pi3y^? MB 7 b(=J:9g£iRiR$r|5& 

Y®7 &k&2<?>pW.?>9?Vm7hk0)mtfWSm 

nmtt-^vrmkk pw^ieuMx^BTih* 1 ** 

[0 0 22] *fcS^tc, ±K<0J:5lc:nffi3y*?h 
S30A lfflj£ifc£!&5&r &.!£:. ffiKfiAlM 
ItKfcirTIHKMEtlwrrtik.'lBiT. pI3 
y?? hJI7^pS7HhaKoX^A lttjfiifccDfin 
Sl<0pl3^? hJ!7ai:pS^FI*»iK* { ffi<A 

i m8k<w&^fH2<r>pm.3y99 h/f 7 b fcTTOJ*"*- 

aj*«5l«LhOjSTJ: 9Jff4U\ 
[0023] 551=, WTt=3R^i«riW6*<Offi<0#* 

re®. RaxtiASS-iffit^s-^^T-f r. 

ft. (MgAljO,) Oi^^fe^tt^S^cO 

ft. S iC (6H. 4H, 3C£-£tr) . Si. Zn 
O. GaAs, GaN»<02mWtca««rfflV^ifc3&<T 

[0 0 24] [A* 7 7rl2] ^HWfctJUT. A' 7 7 
rJ12tL.TJi. Ga h Ali- h N ({lLh<40<h^l 

< fiA 1 *>Mft&*8 l«3t'|g 8 B B tt«fA>'if}: 
40, J:0jff*U<*iGaNA»i5>?5r*A V 7TJi236«S* 
ff^>fl«.. ^'/7rl2«JRSIi, 0. 00 2—0. 5 
Atm.. ffiKJiO. 0 0 5 — 0. 2/im. 4 L 

<{i0. 01—0. 0 2jumcy)ffiffl(c:|lfS-t^„ ys'-y^ 

r it 2 comm&iMmmT'h t . a-fbft^w^isA 

1 7 * o iS-Wtm k flr 0 . / < y 7 r € 2 ± tctS:« $ -fr 

f&33§mt. 2 0 0-9 0 0-CT^O. »4 L<«4 0 
0-800 X:o«HfcSHSrt- 4 . jftftajK** JJOffiHT 

ft £ t ^0 4^fs B s B i ^ o , zco^&ikfjmmikk lx 

/N*y7ril2«. Smo^l. fottimizji^xiim 

[0025] [n!3^;M3] ±IBOnS^iWfl| 
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a i g a n s-^t^t tma&mitT*) h . 

[0 0 26] [nl?5'v K«4 ] ^flCii^t. n 

*Uvfflj£fc LTfi. Al e Ga,. e N (0<e<0. 
3,#£L<JiO. Ke<0. 2)Wt^Wiil 
S. nl?7»/hm dcOAo&A 1 GaNM=S:ii 

J±0. 01-0. lum-Ch*), J:9#F*L<{±0. 0 
3-0. 0 6jumT&&. nl^7 7 KlOnl^ 
ffiStt, »£RHJe3#u&vv&*. #£L<Jil x 1 o"~ 
lxiOVcm^TJ)'). «tOlff^L<(i:lxi0 18 

~ixi o»s/cm3T'j»s. ^wttaa&p^OTc 

[00 27] nl? 7 •/ FBii. ±ffieQ>. 5 ^r*-il<7) 

&mmm<7)m&i±. ±12^ a l.Ga^Nt, -e*i 

>. *)*> -y 7"X*^-0>/Jn$ ^Bfcfltf&iMMI 

•yTX^;i/df-tr)/jN$v->«i: LT«X, I n k Gai. k N 
(0Sk<l) v A I j G ai-j N (0Sj<l, e> 

ifil 0 0*y7xYx3-2»\XT. %t$.\,<\tlO*>y 
Xho-AOT, J:>9#£L<{±1 0~~40*y7*Y 

y h ^ -v -y n*/^-«o/h$ njta»& 3ri> ^mmmv 

K^-r yTX*,l^-c7);*;§ ^Jf&Z/'h 
$ \W<7yJ?%< t h I 1KZ nS^RK** K— T 

[0028] [SttJI 5 ] ^Bj^ij^T % vSttS 5 fc 
LT«a, *3tetf-?**a t 3 7 0nmJaTi::Sr*J:3$: 
ajSWfiMkSmifrAWfeilS. »i L<lil n g G 
a,.,N(0Sg<0. 1) ^^WW***«i«f 

%UZ®},^ I nHfigJtSvhS < l/OK I nfijfctfc 

ife>ti, mtimtL<i*o. 001-0. oiiimt 

£>D, «kD»*L<(iO. 003 — 0. 007^mTS> 
Jblfi I n,Ga,. f N£#F*fcLT, £<9#F*J: 



[ 0 0 2 9 1 STt:. ft'&mo I nffl^JtcolBSi: LT 
«. - ^3ttf-^^* J 3 7 0nmJilTt^-l. I n|&j£ 

f#^»irl»»*<i:. *^#Ftt££fc**^ffijWBflS3 
ttS<0X^y^- ( E A ) I n G a N<OA 
> K4fir 7 7l^K- (Eg) «t 0 <5r 0 . «■ 

[0030] [aireotf^] 

Eg=(l-z) 3. 40+1. 95x-Bx < 1 - 
*> 

ifcft (nm) =124 0/Eg 

Eg: I n G a N#F*W«> H^-v y 7X*/^- 

^ : I nCOffljSJt 

3 . 4 0 ( e V ) : G a NW<y H^f -V- >y 7"I*;Wf- 
1. 95 (eV) : In NW^y F^r-V -y 7X^./^- 
B : y^J^^—r—Z^L. l-6eVif 

SagOW5tT{±, S I MSWjrtcZfrh. MM&Wiikt.z 

itcofj-^^ff*^*- **&m\zx *)m*<?>£. tsss** 

S^rO, 1 eVJJUht«rS^i:3&n!Hfe*»i:*oT*TV^ 
[0031 ] ±JB<OJ: 5 £#F/1?)S I MSM^h'^ 

[0032] [pl?7v PJ16] *l%BJ{cioV->T, p 
h*JB6fc LTti. gffli5W\'yF^ 7 rx 

u rcoffl ta»3fi*r# § hcoT&tiimizmjzztvz:^ 

»^L<<S, AI,Ga,. f N(0<f<0. 4,jff 
£L<1£0. 15<f<0. 3) Ot«50^(f^^lS. 
pI^yHUi 1 '. ^cOid'SrA 1 GaNA>^|,i, 
JSHW^O^r 'J r<7)CT tji#>0 £Tif £ L l\ pI7 
7-y K®(7)^H{i. WtHffiS*t«rV^. KKIi 
0. 01-0. 15wmT&>9. J;0ifiL<(iO. 0 
4 — 0. 0 8AtmT£>S. pI?7 7Kl«pI^t6ft 
jgJS<3, «ft:|R^$n^rV^. »S L<ttl x l o 18 - 
lX10 !1 /cm5tJ)v. iW^KIiixio 13 

-5xio «/ c m 3-e^^ . p§pmm&m)<±§e3a 

[0033]p1?77 Htli, _hie« A d ^m-«<y) 
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X K^-V y rx^/PJf-cO/jN$ d ^-fk^^l!*® 

*^fc|5l«t. I n k G ai . k N (0Sk<l) , Alj 

Gaj.jN <osj<i, f >j ) tfmft>ixh. &m 
ts^w&.coiir&i.z, —m<r>m&& i o o *yy* b u- 

(n'hz^mfrhKh^mmmx'h&mis, '<> y 

7*x^;^-c7)^# \, v VicD^SK fc & v v$* 

>■ F^-r -/Tx^^-o^:# v>Ji&.tf/h£ vVf oWTj- 

[00 34] [pl3y^;M7]±EOpi^ieft 
[00 3 5 ] *^BJ(C±3^T. p®iai/nll 

HJJL*:A>\ Mt-^t*A>"3 7 0nmOTt, ±IB<7) 

[ 0 0 3 6 ] . *5^^*-7-<i, p flUB* pS-fbt 

S. T--y>f9mt LT<i, ^»2540791 
^tieK$<iXU4J:ptc. mffl^ffitctO. pS^ 
*6»" K-r$iiitM-fby y "7 AjMb^nwmw** j«« 

£tf*:f&, SUlWlc*«S:*4^^»|»R4i. 4 0 0*C 

sfc# y ❖AaMk^ftamsflcj^is,*** aj-r^ 1 1 «fc o 

[00 37] 

[0038] [HMfiaji] HJfefflKi, HlOflftW* 
(iSl)t7r-(7 (CI) JOfciSfEl*. RIG 

sisrttcfev^-c**i?ffl^4' . 105 ox;T«f)? y 
[0039] (A,7ri2) a^r. *m%m%*. 



SIO'CTC, 7>t-7tTMG ( h ',M^-;k#y -7 
A) SRl±(CGaNJ:0 5 5r4^'.y7Til25 
&2 0 0ty^ND-A<0llf«*§tS. 

[0 04 0] (nSny^7hii3) &£1 0 5 O'CT 
TMG, TMA ( hy*-?-/P7*/l'$X'7A) . 7^i- 
T. ->yy (S iHi) S i 5: 5 x 1 0 18 /c 

m3H-7UnSA 1 0 . 0 4 Ga 0 . 96 N J: nM=? 

[0041] ( nl; ^ y K«4 )»:(C1 05 0*CT'T 
MG. TMA, 7>i-7, i-^y^ffl^, S i & 5 X 
1 O'VcmS K-TL^nSA l 0 . 18 Ga 0 . 82 NJ:0 
5:5nS?7 7 K®4$-4 0 0Jf ^^.hn-A<7)Mff 

[0042] <vStt«5) acfcfiBR»fflai«|». 7 0 0°C 
T'TM I , TMG, 7yt-7£»K 7VK-7I n 
G a N i. 0 =5: 5 v£'l£JI £ 5 5 * V fx b o- A 

[0 04 3] (pI?5 y H«6) iRtC^HH^*, 
1 0 5 Ort'TMG, TMA, T>"^X7\ Cp 2 Mg 
( v-?n^^^>'-X-/U-?j7'^^'7A) $-fflV\ Mg£ 
1 X 1 0 ! «/cm3 K-7LfcA l 0 , 2 Ga 0 . 8 NJ; O^T 

5pI^7 7 65-60 oxyyxb u—^cnmmx' 

[0044] (pl3y^^M7) a^T. P^i75 
•yKil6±(C, TMG, TMA, 7^-7. Cp 2 M 
S$-fflViT, Mgf 1 X 1 O'Vcni 8 Y—TLfcK 1 
o. 04Ga 0 . 96 NJ; 0%h j m2(?)pm3>7 7 h@7b2- 

o. ljumcDjgyrcfiJtSs-tt, -e^f*, *'^cr)gf[M^i)a 

IUMg&2x 1 O 21 /cm3K-rL^Al 0 . 01 G 
ao.asNJ: *)t£hm2<?>pW.n>?7 b!W7 b£0. 0 

[0045] ««»T», S&&W%,>P , «7xWN*S 
^E^SgrttCtJV^-C, 7 0 0'Ct7-- l Jyy'^\ p 

BXOffiL, S±J1«30pS3>-^^ hJi7co^ffi^FJr^co 
Mmx^^L, RIE (Wtn./f^ 
^) ^Itplay^; h/traa^x^y^S-frU, 
Hlltc^-tiotCnMny^^ h/t3coa®Sr»ai$-y: 
S. 

[0 046] x-yf->-^, gJiJStCftSpffln^^ 
HJ17<0^1<OpS3>'^i5'h«7a^lI«a'^iStJ^ff 
2 0 0^-^^Xho-ACON i fc Au5-#tj^*l4cOp 
ISffi8i:, -?-Opmfii8<^±tc:^>T-f y^ffliOAu J; 
0 %h -y K«S 1 0 Sr 0 . 2 ^ m<OHT«t 
4. -TfX-y^-y^CiOSStti^^nSny^^h® 
3<0«ffiC(iWi:A 1 Sr-t-tf n®E9S-®«-TS. Sf* 
tep1Wi80«ffle«HW&«:«>CS i OjctO^S^e 

T 3 5 0 ,u m^lcT) L E D^=rt f 5 . 



[004 7 J Z<7)LEDm : ?IZm%m®.E2 0mAlZ}5 
Wt. WtV—7i£i.&ifi3 7 Onm^U V Ht3 . 
8V. OmWC$>&. 1 <OLE D<7«fc 

[00483 

lR£lftitLT^9mL$^£ffl±£-t*\ 3 70nmJil 
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